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Introduction
Abdominal aortic aneurysm is a common pathologic finding especially in males over the age of 65 with a prevalence of 4-7% [1, 2] . If ruptured, mortality rates are high, between 65-85% [3] . Therefore, the guidelines suggest treatment if the maximum diameter exceeds 55 mm or a rapid growth of the aneurysm is noted [4] While open repair can be offered to patients who are otherwise healthy, the endovascular approach is a less invasive procedure, especially of benefit for patients with severe comorbidities [5] . In a meta-analysis of four trials, including a total of 2783 patients, an early survival advantage in the EVAR group compared to the open repair group was found for the first three years, followed by a period of a significantly higher aneurysm-related mortality in the EVAR group [6] .
A detailed preoperative planning and assessment of the aortic anatomy, including the correct measurement of diameters, is mandatory to reduce the risk of procedure related complications. This is, in most cases, achieved with an intravenous computed tomography angiography (CTA).
Overall, renal complications occur in 1% of patients after EVAR and 5% of patients after open elective repair of an infrarenal abdominal aortic aneurysm. Although it is thus a fairly rare complication, it results in an increased 30-day mortality. Predictors of renal complications include elevated baseline GFR, open approach, transfusion and prolonged operative time [7] .
This problem is especially severe in octogenarians, associated with high failure to rescue rates. Thus, Dang et al. established an interactive risk calculator of acute kidney injury (AKI) after abdominal aortic aneurysm repair, including the independent risk factors chronic obstructive pulmonary disease, chronic kidney disease stage III, peripheral artery disease, preoperative β -blocker use and aneurysm diameter [8] . In the long-term follow up, AKI is less likely to occur after EVAR, while these patients experience a significant but delayed decline in GFR over time compared to open repair [9] .
Following the European Society for Vascular Surgery clinical practice guidelines on the care of patients with an abdominal aortic aneurysm, intravenous CTA is conducted preoperatively to plan the intervention, and postoperatively to ensure the treatments' success and later to follow-up and identify possible endoleaks [10] . If manageable, patients with impaired renal function should thus only be exposed to as little iodinated contrast agent as possible [11] . For this reason, a low-dose contrast medium protocol has been proposed for patients with impaired renal function by receiving an intra-aortic catheter for CTA [12] [13] [14] .
In this retrospective study we aimed to compare safety and efficacy as well as associated image quality of CCTA compared to standard i.v. CTA in patients undergoing EVAR for the treatment of aortic aneurysms. We aimed to investigate if the reduced amount of contrast media applied via the intraarterial route has an actual benefit for the kidney function in the course after EVAR procedures and if this benefit really outweighs the associated risks caused by the intraarterial catheter placement.
Materials and methods

Study characteristics
This is a retrospective single center study at a tertiary care university hospital, of 92 patients undergoing EVAR between January 2009 and December 2017. The study was approved by the local ethics committee of the Westfälische Wilhelms Universität Münster (protocol number 2017-464-f-S). Due to the retrospective character of the study informed consent was waived by the institutional review board. Two consecutive groups of patients were analyzed; those receiving an intravenous CTA (n = 59) between January 2013 and December 2014 and those receiving a catheter-directed CTA (n = 33) between January 2009 and December 2017. Indication for catheter-directed CTA was a creatinine level > 1.4mg/dl and at least one additional risk factor or sign of acute/chronic kidney injury. Patients with terminal CKD and a residual excretion of less than 100 ml/d, already on dialysis, were excluded. Demographic and cardiovascular risk factors were collected, nephrotoxic drugs intake including angiotensin I and II blocker, diuretics and anti-inflammatory medication. Moreover, SCr values before the preoperative CTA, after CTA, before surgery and late at range 6-60 months after EVAR were analyzed. The contrast agent volume for every CTA, routinely performed before, immediately after and during follow-up, was documented.
Intravenous CTA
After a survey scan, a region of interest (ROI) was placed in the aorta for bolus tracking, which automatically starts the CT scan when a threshold of 100 HU is reached. Depending on the assessed body part (thoracoabdominal aorta or only abdominal aorta), the ROI was placed either in the aortic arch or in the suprarenal visceral segment, respectively. Application of contrast medium (100-150 ml, depending on the weight and constitution of the individual patient) was done via a peripheral venous catheter connected to a standard injector. An injection rate of 5 ml/s with a delay of 10s was chosen. Following contrast media injection, a bolus of 50 ml sodium chloride was applied. Preoperatively an arterial CT scan only was conducted. For follow up after EVAR, a native scan over the stentgraft was followed by an arterial and venous scan, to detect possible endoleaks.
Catheter-directed CTA
Brachial access was chosen instead of femoral access due to immediate mobilization of the patient and no need for bed rest after groin puncture. For brachial catheter placement the puncture site was infiltrated with 2% xylocaine, an 18-G needle was used for vessel puncture. Ultrasound-guided puncture was performed when necessary. After the insertion of a 4-F arterial sheath in Seldinger technique a pigtail catheter was navigated into the aorta with the help of a 0.035 guidewire striving to avoid contact with the ostia of the cerebrovascular vessels. The catheter was either placed in the aortic arch for the assessment of thoracoabdominal aneurysms or the suprarenal visceral segment for abdominal aneurysms. Correct intraarterial placement was verified by aspirating arterial blood, contrast injections were avoided during catheter placement. For the CT exam, a 1:1 mixture of contrast medium sodium chloride with a flow of 5 ml/s and a delay of 12 s (without thresholding) was chosen. Actual amount of contrast medium was adjusted according to the scan length (100 ml for abdominal aorta only or 120 ml for thoracoabdominal aorta) and the patient weight.
Complications of catheter-directed CTA include local hematoma at the puncture site, dissection of the brachial/axillary/subclavian artery and descending aorta, intravascular thrombosis at the puncture site with potential peripheral thromboembolic complications as well as AV fistula formation. Complications were graded according to the classification of the Society of Interventional Radiology in major and minor [15] .
Image quality
The quality of the acquired CT scans was assessed objectively by comparing signal to noise ratio (from Hounsfield units) in the abdominal aorta at the level of the superior mesenteric artery origin. ROIs were drawn manually within the aorta as well as in the adjacent autochthonous back muscles at the same level. Image noise was defined as standard deviation of the muscle ROI. SNR was calculated as mean signal intensity in the aorta (ROI) divided through the standard deviation of the muscle (ROI).
The subjective image quality was assessed independently by two radiologists with an experience of 4 and 12 years using a 5-point Likert Scale (1 -non-diagnostic, low SNR; 2 -poor quality, limited diagnostic value; 3 -moderate image quality, sufficient SNR for diagnosis; 4 -good image quality, high SNR; 5 -excellent image quality) considering tissue contrast, contrast differences between various tissues as well as pixel level fluctuation and motion artifacts.
Analysis and statistics
As primary endpoint we compared serum creatinine levels after the CTA (7-30 days), postoperatively after EVAR (7-30 days later) and late after the EVAR (6-60 months). The time gap between the (C) CTA and the laboratory analysis of kidney function (serum creatinine and eGFR) was comparable between the two groups, 7.5 ± 5 for the CTA group and 7.7 ± 6 days for the CCTA group (p = 0.8278).
Secondary endpoints encompassed local complications including puncture site hematoma, artery dissection or occlusion, median nerve lesion and cardio-and cerebrovascular complications including acute coronary symptoms, transient ischemic attack (TIA) defined as cerebral ischemic symptoms with a complete restoration after 24 hours, or stroke defined as cognitive or motoric dysfunction lasting longer than 24h. Statistical analysis was performed using GraphPad Prism version 8 with the appropriate tests (chi square for the assessment of comorbidities, fisher's exact test for the stages of nephropathy, or unpaired two-tailed t-test for patients' characteristics, SNR and amount of contrast medium). For the assessment of interobserver variability of image quality the Intraclass Coefficient (ICC) was used, using a two-way random approach ICC(2,k). According to Landis and Koch [16] a ICC/kappa value of k<0.2 is regarded as poor agreement, k = 0.21-0.4 fair agreement, k = 0.41 to 0.6 moderate agreement, k = 0.61 to 0.8 good/substantial agreement, k>0.81 perfect agreement. A p-value <0.05 was considered statistically significant.
Results
Patient characteristics
Patient characteristics are presented in Table 1 . Of note, cardiovascular comorbidities were not significantly different in the i.v. and catheter-directed group, only hypertension was more common in the catheter-directed group (93 vs. 97%, p = 0.018), which also received more nephrotoxic medication (85 vs. 70%, p = 0.031). Furthermore, the patients in the catheter group had a higher stage of chronic kidney disease (CKD). 34% of patients in the i.v. CTA group that had a normal renal function compared to 0% in the CCTA group (see Table 1 , p<0.0001). There were a higher number of patients with a stage 3 and 4 CKD in the CCTA compared to the i.v. CTA group (85% vs. 42%, p<0.0001), indicating that CCTA was predominantly performed in patients with already impaired renal function. The amount of contrast medium needed was 119 ±14 ml in the i.v. CTA group and 24 ± 7 ml in the CCTA group (p<0.0001). For the EVAR procedure, the amount of contrast medium was comparable between the two groups, 122 ± 52 ml for the i.v. CTA group and 109 ± 69 ml for the CCTA group (p = 0.308).
Serum creatinine and eGFR
As presented above, baseline creatinine levels were higher in the CCTA group, as these patients were considered to have a higher risk of renal function deterioration and were thus more often chosen for the catheter directed CTA. Both groups (i.v. CTA vs. catheter-directed CTA) did not show significant differences in the mean creatinine level after the CT (1.3 ± 0.5 mg/dl, p = 0.912 vs. 1.9 ± 0.4 mg/dl, p = 0.879), preoperatively (1.3 ± 0.6 mg/dl, p = 0.918 vs. 1.9 ± 0.4 mg/dl, p = 0.811) and in the late follow-up (1.4 ± 0.7 mg/dl, p = 0.210 vs. 2.1 ± 0.8 mg/dl, p = 0.387) compared to the baseline values respectively (1.3 ± 0.6 mg/dl vs. 1.9 ± 0.6 mg/dl) (Fig 1, left panel) . Comparing eGFR values in the course of EVAR in the same patients similarly revealed no significant differences between the two groups (Fig 1, right panel) . Due to the differences in baseline creatinine and eGFR values we performed a matching of 16 patients with similar creatine/eGFR baseline values. This analysis similarly did not reveal differences in the course after EVAR between both groups. Of note, there were single patients in both groups that showed a long-term elevation of serum creatinine �0,3 mg/dl compared to their individual baseline level-15 patients (25%) in the i.v. group vs. two patients in the catheter-directed group (6%). Thus, for individual patients, there may be a potential benefit receiving catheterdirected CTA.
Image quality
Signal intensities showed no statistical differences between the two groups (see Table 2 ). Exemplary images showing a comparable contrast enhancement after i.a. and i.v. contrast media application (Fig 2) . Mean image quality rated for the i.v. CTA group was 4.3 ± 0.7 for the first reader, and 3.9 ± 0.7 for reader number 2; for the catheter-directed CTA group 4.2 ± 0.6 for the first reader and 3.9 ± 0.6 for the second reader. The values between the two groups were not significant, with p-values of 0.231 for the first, and 0.816 for the second reader. Interobserver comparison revealed a good agreement with an ICC value of 0.65 [16] .
Complications
There were no major local complications due to intraarterial catheter placement, local hematoma at the puncture site resolved without treatment in n = 7 cases. In our study there was one major stroke in the catheter CTA group which occurred 6 days post catheter CTA periprocedurally due to a thoraco-abdominal aortic dissection during EVAR, which was therefore not related to placement of the Pigtail catheter for CTA. All raw data are provided in S1 File. 
Discussion
For the past years, the use of iodine-based contrast medium has been described as a risk factor for renal function deterioration and a large number of studies focusing on treating and preventing the incidence of this complication were published [17] [18] [19] [20] . Several techniques for the prophylaxis of CIN after the use of contrast medium have been reported, including the use of saline hydration with or without acetyl-cysteine, ischemia-reperfusion reconditioning, or the use of high dose statins. A recent study analyzed patients at high risk for renal complications who were undergoing angiography, regarding prevention of death, need for dialysis, persistent decline in kidney function at 90 days and prevention of contrast-associated acute kidney injury (PRESERVE Trial). This study found no benefit of intravenous sodium bicarbonate over intravenous sodium chloride or of oral acetylcysteine over placebo [21] . Until now, the mechanisms of CIN after application of contrast medium still remains a feared but not fully understood complication, which is associated with poor in-hospital outcomes [22] [23] [24] [25] . Therefore, we introduced a contrast sparing intraarterial CT-angiography for patients with reduced renal function to avoid impairment of kidney function at our institution in 2009. Comparing catheter directed CTA to CTA with i.v. contrast media application revealed that both achieve a comparable, fully diagnostic image quality with a significantly reduced amount of contrast medium required for CCTA. However, this reduced amount of contrast media was obviously not associated with altered renal function. This absent protective effect on renal function has also been observed by Isaacson et al., Garcarek et al. and Swanberg et al. [12, 13, 26] .
Similar results were reported in a study proposing this technique for octogenarians being evaluated for transarterial aortic valve replacement. However, in their cohort there was no significant difference in rates of CIN after CTA between standard and low-dose contrast protocol groups, with no CIN events in those imaged by low-dose CTA [27] . However, according to the contrast-induced nephropathy consensus working panel, the intraarterial delivery of iodinated contrast agents poses a higher risk for CIN [28] .
Most published data refer to CIN following cardiac arteriography examinations exposing the kidneys not only to repeated concentrated contrast medium boli but also potential atheroemboli. Interestingly, Gohbara et al. recently demonstrated, that the incidence of acidosis in patients with STEMI and reperfusion within 12 hours of symptom onset is associated with a higher incidence of CIN [29] . Other authors postulated the hypothesis that an acute congestive heart failure or cardiogenic shock may cause renal dysfunction attributable to acute kidney injury (AKI) [30] . Therefore, contrast medium exposure alone does not explain the elevated risk for an acute kidney injury after coronary angiography. In our population, there was no significant difference in incidence of chronic congestive heart failure or previous history of coronary artery bypass between the two groups.
Lately published literature from larger controlled studies suggests no increased risk of CIN after intravenous CM application for routine imaging in patients with normal renal function, but there may be a risk in patients with preexisting kidney injury [31] . A meta-analysis on controlled contrast medium-induced CKD studies demonstrates a similar incidence of acute kidney injury, dialysis, and death between the contrast medium group and control groups [32] .
Besides good outcome in our study in terms of lack of complications associated with arterial catheter placement, there are also disadvantages using this technique. There are higher expenses associated with this technique, with the need for a sterile intervention unit and experienced interventionalists.
Limitations include the retrospective character of this study, performed at a single-center only. The fact that patients with a catheter-directed CTA generally had a higher serum creatinine baseline level and elevated stages of nephropathy, makes the two groups less comparable.
Conclusion
Catheter-directed intraarterial contrast medium application is safe and offers the possibility to obtain CT angiographies with a low amount of contrast medium but achieving a comparable image quality compart to standard CTA. However, as there is no proven benefit regarding renal function preservation and higher expenses for a catheter-directed CTA, the procedure cannot be generally recommended for clinical routine and should only be restricted to patients who are at high risk for renal function deterioration or have shown such deterioration following contrast media application before. Further research needs to be initiated to identify individual patients who might benefit from this approach.
